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Principal

enc.

7208 South Tucson VWay, Suite 125 + Englewood, Colorado 80112 «» 303 780-1340 .« Fax 303 7901347



VASQUEZ BOULEVARD - 170 NPL SITE
MEMORANDUM

TO: Working Group
FROM: Dave Folkes, EnviroGroup %
DATE: February 10, 2000

SUBJECT: Lead from Automobile Exhaust Emissions

At the January VB-170 working group meeting, Loraine Granado of COPEEN indicated that
they had collected data on traffic volume in the study area (e.g., vehicle-miles per year) and were
interested in obtaining information that would allow them to estimate the amount of lead (Pb)
emitted by these vehicles due to use of leaded gasoline.

The amount of lead emitted per vehicle mile is a function of the amount of lead in the gasoline
(grams per gallon), the average amount of gasoline used per mile (gallons per mile), and the
percent of the lead emitted, versus retained by oils in the engine. In other words,

Total Pb emitted/year = (total vehicle miles) x (gal/mile) x (grams/gal) x (%Pb emitted) [Eqn. 1]

As a short cut, some references (e.g., Attachment 1) estimate that the product of the last three
terms in the above equation is about 0.1 to 0.3 grams Pb/mile, for gasoline containing about 2
grams of Pb per gallon. Therefore,

Total Pb emitted/year = (total vehicle miles) x 0.1 to 0.3 grams/mile [Egn. 2]

However, the amount of lead in gasoline changed over the years. Based on Attachment 1, it
appears that 2 grams of Pb per gallon of gasoline results in about 0.2 grams of Pb emitted per
vehicle mile. Data we obtained from EPA (Attachment 2) indicates lead concentrations in gasoline
ranged between 2 and 3 grams/gallon from the mid-fifties, when I-70 and I-25 were constructed
through Denver, to 1973. After this time period, reductions in the use of leaded gasoline resulted
in a decline in the average lead content of gasoline to about 1 gram by about 1979-80, and to about
0.1 gram by 1986. Therefore, the amount of lead emitted per vehicle mile likely averaged 0.25
grams/mile until 1973, steadily decreasing to about 0.1 grams/mile by 1980 and 0.01 grams/mile by
1986. Using these data, you can estimate the amount of lead emitted for each year, by using the
number of vehicle miles travelled and estimated lead emissions per mile appropriate for that year,
and totaling the emissions for all the years of interest to determine the total amount of lead

emitted.

We also have data that allows calculation of lead emissions using Equation 1, but it is a more
tedious approach and you end up with a number in the range quoted in Attachment 1. However,
we can provide this additional information as well, if requested.

Please do not hesitate to call me at 303-790-1340 if you have any questions.



ATTACHMENT 1

Excerpt from "Environmental Contamination by Lead
and Other Heavy Metals", by Solomon and Nantusch
Institute for Environmental Studies, Univ. of Illinois

at Urbana-Champaign, July 1977 (page 64)
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5 SOLUBILITY OF AUTOMOTIVE LEAD
R. L. Solomon

-

Because heavy metals in urban stormwater may eventually contaminate
drinking water supplies, much interest has recently been expressed in the solu-
bility of trace metals, particularly Jead (Hem and Durum,.1973; Sartor and Boyd,
1972, Nightingale, 1975). The tetraathyl species of Jead is present in gasoline
in amounts of approximately 2 g/gal and is emitted in automobile exhaust at a
rate of 0.1 to 0.3 g/mi. The emitted particulate lead settles and accumulates
in road dust in very large guantities, as shown in the studies reported in T
Chapter 2 and by Sclomon and Hartford (1976). In the small urban community ' .
studied (Champaign-Urbana, I11inois), gutter dust samples taken on heavily i
travelad streats (12,000 to 20,000 cars/day) had lead concentrations from '
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5,800 to 12,300 uq Ph/g dust, indicating total lead contents from 1 to 24 g : i
per square meter of street surface. These data are for the sieved fraction i
of the gutter dust having particle sizes less than 600 um, 1

Pravious studies have generally considered the solubility of pure lead
compounds. In this study representative samples of actual street dusts were o
used, and the water solubility of the lead in these dusts was measured.

Experimental Procedure {

The vacbuming technique used to collect dust samples is described in
Appendix A. Lead solubility was measured in polypropylene beakers. Maximum

agitation rates were used to simulate the conditions of water runoff during a
rainstorm. In general, 30 g of dust'(<600 um in size) and 100 g of water
(tapwater and rainwater) were used. Liquid samples (10 ml) were removed at .f
hourly intervals for the first four hours 'of an experiment. In some cases a

fifth hourly sampie was taken, while in others a 24-hour sample was withdrawn. }7~~
A polycarbonate syringe fitted with an inline Millipore filter was used to R
withdraw the sample, which was then placed in a polyethylene vial and immedi-
ately acidified with 25 ul of 72 M HCl. Lead assays were made by atomic abserp-
tion spectroscopy using an Instrumentation Laboratory Model 251 with a detection
T1imit of 0.05 ppm lead. The relative standard deviation at the detection limit

64



ATTACHMENT 2

Lead Concentrations in Gasoline, 1955 - 1991
Information provided by Fuels & Energy Division, US EPA



EnviroGroup Limited

INTERNAL MEMO

TO: Dave Folkes DATE: February 7, 2000
FROM: Sean Carroll SH<

SUBJECT: Phone conversation with James W. Caldwell of US EPA, regarding lead in gasoline.

On January 86, 1999, | spoke with James W. Caldwell of the US EPA Fuels and Energy
Division, Office of Mobile Sources, regarding the amount of lead added to gasoline before 1967. He
quoted information on grams of lead added to each gallon of gasoline, taken from a Chemical
Economics Handbook, researched and provided to the EPA by SRl International of Menlo Park, CA.
This book is not published; SRl is a research consulting company and provided this work to the EPA
under contract. Following is a summary of the data he read to me:

Year Grams Pb/gallon Year Grams Pb/gallon
1955 2.38 1960 2.04
1956 2.44 1961 2.94
1957 Did not record 1962 2.01
1958 2.38 1963 2.15
1959 2.12 1964 2.25

This information was used in conjunction with the US EPA Fuels and Energy Division data,
also provided by James Caldwell, to estimate the mass of lead emitted by a motor vehicle as a
function of the year, fuel economy and distance traveled.



o EA Dinsom
FueLs ao ENERSY JVE e
Qc. zotéo

6. ENVIROSY

LU As ik TORS)

¥
LEAD AND GASOLINE USAISE SUMMARY

ODNITED STATES

YEAR: 1367
Total GEascline Bgal.
Lead Bgm.
LLead ktons
Concentration

K LEAD VSED N

YEAR:

Total Gasaline
l.ead

Lead
Concentration

YEAR:
Total [asasline
Lead
Lead

Concentration

YEAR:

Total Gasoline
Lead

Lead
Concentration

YEAR:
Total Gascline
Lead
Lead

Concentration

gptg &%7

1368

Rgal.
Bgm.
Ktons
gptg

1563

Bgal.
Bgm.
Ktons
gptg

1370

Bgal.
Bgm.
Ktons
gptg

1371

Bgal.
Bgm.
Ktons
aptg

g
’J . ~x§g__’; ‘

1367 - 1331

gtr.1 QGtr.

cwns per el gellons

Qtr.1 Qfr.
Gtr.t Qﬁr.
Gtr.1 Gtr.
Qtr.1 Gtr.

b

LASoti1E Prodoc N

-
e

—

5<%(xb f

calawell, ifrrig ep'W

\lz/él ,/[ L

/C
b

'“4/{1, mes W. Caidwell, P.E,
"4

i

7
Fuels and Energy Division
Office of Mabile Sources (6406J)
U.S. Environmental Protection Agency 233-9963
Washington, D.C. 20460-0001 (5:2,2() 2339557

202 544 4303

o hx 292 §1LS 2085

Otr. 4

]

Btr. Tatal

Atr.

gtr.

Gtr .

Qtr.

0}

gtr.

Qtr.

Btr.

Qtr.

77 .54
186.43

205.32

2.40

4 Total

81.48
201.40
221.81

.47

4 Tatal

gs5.18
210.01
231.29

2.47

4 Tztal

88.42
211.37
222.7%

——
PECAS ]

4 Total

200,94
Z21.30

2.



Total Easoline
Lead
Lead
Concentration

YERR:

Total Gasolines
l.ead

Lex
Concentration

YESR:

Total Gasoline
Lead '
L.ead
Concentration

YEAR:

Total Gascoline
Lesd

Lead
Concentration

Leaded 13
Unlsade EY=talt
Tztal Ha=scoline
Lead

l.ead
Concentration
Concentration

Faroant Unleacdes

a8
n

[
[An]
~1

]

i
po—y
-

n

0

0 om oo
T gy 0
<t 3 1l
T I

o
Lo
~4
13

Egal.
Egin.

FKotons

b
w

o
Wy

-

U
Py ~]
- ga

<t
i 3

W

WwoFom oo
T o
3

fouy
L
~J
@)

Bgal.
Egm.
Etons
gptg

[y

(t
~]
M

(T
-

ot iy W M3
3w
M

CT o=
[/ in]

3
n

S0 0 M mom o
T o

S

03]

Tat

al

Tatal

[

= L ma

x|

e
o~

2

Tt

10,
138&.
174,

1.

Tt

34,

103,
18&.

LRI

ol

H
i

4G

™
141

fh
—

(AR
3G

VY]



Comcentraticon
Concentration
Feroent Unleaded

YE&R

Lzaded Gasoline
Unleaded Gasaline
Total GHasoline

=

Lead
Cormcentrat ion
Concentration
Fercent Unleaded

r

[

YEAR:

lLeaded Gascline
Unleaded Gasoline
Taxtal Gascl ine
L=ad

L.ead
Concentration
Concantration
Fercant Unl=zaded

Leaded Gasoline
Unleaded Gasoline
Total Gascline
L.=ad

Lead
Cormzentrat ion

v
w
~
~]

TR
— o b
=z

Fmmmm
3

s W) w0
i

]
n

sl el
T o
[a g =
wiag 3

4 e
L2
Hiow

ih
[ ]
. .

o 41 WY 3N
3 W

i
=
ul

[}

0O X mm oo
o
[Ingpin

1‘!TJ

»
s

137

¥y}

Bgal.
Bgal.
Bgal.
Bgm.
Ftoms
gplg

aptg
%

1380

Bgal.
Egal.
Bgal.
Egm.
Ftons
aplg
gptg

20.357
©.53
27 .10
33,30
43.28
.31
1.45
241

I
~= Pan)
:.;o

[
(a3
-
.
-t

17.14
12016

o5, 30

25,
21024
T Ty b

.A-.\..)- P R

1.24

PRI

1.3

Gty . =
Y
<,
s
S .
el
AR
45, 00
4=, 36
= ]
o e
1.60
Bl ~d
e B3

4 T -]
15,41
2.83
28. U3
e R e
PRI
40,78
1.31
1,37
[P
() .3

17.56
10,22

16.71
11,98
28.67
20,87
23,01
“ R =~
4w uLd
0.73

-
o]
b B ] =
Fow «4\_.1
] e
Pt I E
45, 20
o =
L A
& N ]
JEAPRER
P
1e3'7
T T
Py A
e . I
] o'y o)
19.328
— e
PR
ey
s I -
P
43,47
4/ - B!
Z.18
s
1.6
o
3a.1
- B
Btr. 3

1.
23,

—

~

$ 1)
NIE i O B

0
o -

0 =+ =+ () b

[ L S S B VT O

Gtr. 3

i4.7&
11.64
2. 40
21.30
23.4e

1.4

AR

A, 1

ey +] 0y
JELS IS T
8. 43
[l W
iy
= RN
-y =
S'Fe 17
1 g
- M L)

e 1)
GO e e

-
i

=
ot
-y T
e % w /

Gt .

Ia
y]

LIRS ¢ Rt )
) da
£

Ll e O B S
¥
il
[

“ e g
N o
1 E

H3. 06
30,13
113,17
153.69
185,78

2,03

1.43

{It
4]

Taotal

g
a /T

G U] e 0

ey
iand 01 I N I

Gl
(X

Total

B3,
41.
111,

-
ey 1

142,
1.

Losl 0 B LR SO O B s YR )
Mok g e )

ot

-
e

3
~l
o

52,03
—
A




YEAR:

L=aded Sascline
Unleaded Gasaline
Total Gascoline
Lead

L.ead
Concentration
Concentration
Fercent Unleaded

Leaded Gasexzline
Unleaded Gasoline
Toxtal Gasoline
L.=ad

Lead
Concentration
Concantration
Fercent inleaded

YEAR:

l,eaded Gasaline
Unleaded EFHasaoline
Total GHascoline
lL.ead

Laead
Comncantration
Concentration
Fercent Unlesaded

L.eaded Gasoline
Unleaded Gasaline
Total Sasolins
LLead

Lead
ConcsEntration
Loncenhratlon
Fercent Upl=aded

1]

i
O
M

[
-
e

3

O v i v s3]
a0 0 g

¥y

[y
o
]

= I TR (T 1
S e

]

Fmomom g

i

O T o W0y 40 g

< i

[u U

g

u

0]

-

e i b
[

ERTRT

i1

Fmomm
g 00 0

I n ]

Euiw)

<t =
i 3
in

34
i3
—

10

il

s

3 W

3

i

FOOd |
e Ty
oo

v
[IagRIn]

-2 0

Zezd
13.56
25.80
12.8&
15.26
1.13
ST

-

SZ.B

dtr. 2

10,37
1.3
25,34

it.30
15.11
l.QB
e

———

._J/_/'

oy 0

i

]

Lol

3
g

oy

ES T LTy

g~ -

LA m

]
oF
-
s
i

.
LJ

]

T b D3

P ke e

[
- b
L 00 O TG

-
o
F

or
-
[
J

11.687

TG

PEC S 3
1E.QQ
14,31

1.11

&y =
L A
S22

11.453
3.85
25.28
12,07
13,22
1.96
1. 48
54.3

Gtr. <

11,03
15.34
——

Py

10,33

i, T
i3, A
I,

_.{

(X}
T cr

b

fli

b

I
.

I

M= =g g~
T

ARy YN

@
J b

ey

g
]
o
i
F—

J

080
(00O o
[y ACECC ATy

O Ul

3,

W N
1

u]
—_
.

—

A Ty
Sl s S
51,30
GELET
46,17
50,28
1.5
D, el
= =
Y B



Loncenaratlon
Fercent Unleaded

Lezaded Gascline
Urnleaded Gasoline
Total Gasocline
Lead

Lead
Cixncentration
Concen t dLlDﬂ
Fercent Unleaded

lLzaded Gasoline
Unleaded EHQasoline
Total Gasaoline
Lsa

L=zad
Concentration
Concentration
Fercent Unleaded

YEAR:

2aded Eazsaline
nizaded Gasal ine
ohal Gazoline

H]
1
A )

m
Y

S =

Coemcentration
Concentvation
Fercent Unleadsd

-
]
6}
|

[
o

oF g 0 0 g
=T
8

<

o
[Yor g

T o
<
in]

g Fom ool

1287

Bgal.
Egal.
Egal.
BHgm.
Ftons
gplg
gptag

iu

Bgal.
Egal.
Bgal.
Bam.
Etons
gplg
aptd

Gtr.1l

G.
20,
26.7C

1.4d

. L-J (0]
T3

=
FIR g
0,

0,05

TE.l

Qftr. 1

4.9z
21.73
..;’.6- s
SR T
.48
0,083
Y. 01le
31.5

T. 15
Q.50

1E2.50
27 G
O] ]
4, 07
0,40
0. 13
5.8
Gtr. =
B.7%
21.21
28.63
1.92
1.57
0,22
=

0. 05
75.3

4 -
Lty . [y
L

R
17.73
Fa S0
-y
el

+ -+

&
or
L

gl

-
el
=

;
i
R PR
a S
[ S St
.47
0, 088
O,015
[onXiafl o]
Dl e O

=
1z,
':-r:'
PRANLVE Y S S
o
At
-
po ) -
. =
L A
.14
[~

T 0Ty

Xy

W~ w e

3 e

il
Ly i
e S I
e

CD
fax]

l

t
)
+

Pt d
ok S

e el g
e £
= e S
P IRy
I
(IR

Total

e men
[ FLAR PR e )
e s
RSO )

g, 1
10027

-
11.31

R

.31
i), i

Tatal

. i
55.‘J
111.0D8E
S.EE

R g
‘.J- ragte)

Q.2

(l.'.).l
SRR

v A |
A P

Total

13,27
Floda
4 e

[ouy
-
:

i

1.72
1

[FEINEN]




@
Lexd
Concentration
Concentrat ion
Fercent Unleaded

YeEok:

Laaded Sasaline
Unleaded GHasolins
Total GHasoline

"

ili

K
0t w

YEAR:

Leaded Gasocline
Unleaded Gasoline
Total Gasaoline
Lead

Lead
Conzentration
Concentration
Fercent Unleaded

e
Latest
Tizbals

Fartial Ysar
n

1T f

1
[}

+
i
e

-5

1238:

L

Zgal. 3. 13
Bgal. 22. 57
Egal.
Eam. .28
Ftons

aplg G. 0383

apta Q.11
A 87.58
1230 Gler. i

al. 1.3¢

moomom
i1l
b

u P A
m. .11

2 1]
U alTalRi=lTa]
[11]

i
th
bt
I

o

o T
—
[Tw T o R |

I

Qtr.1

b
i
¥}
-

. .31
TE.FD
23.80
0,07
.03
3. 086

S ow
[} — o

il

o 10 i 0

1}

o

np S mamm
Dy 3

T T

2

R

-y '_'
/a

June 17, 1232

CGuarter 4 ‘

-

!

Y
«~

A

-
O

b

"

A~
(.

-

3

!

£

Gtr.

(RIS B
U

1 m

%

LV YISO
[¥a]

®
o

G.33
24,62
25.53

i, 07

0,08

Q.08z
3. 003

FE. T

0

"

+ =
R )
J Far]
25.13
L= =
LY
LI T S,
o013

1331

14(7 15 - BASED pn INDUSTRy DATA .
1476-4( - BrsEp on REFINER. REPRTS Te £PA PER Yo CFR 8P,

58]
et
:

ks

[ N
RN P S

P

-
L

09 k= e L0~ G

I

-

i

ol @

i

10

T .}
Gty . <
Ty Oty

0, 97

B =
EE R
e T
PESTI
O, 08
0, g

(%]

™

[N ool

R 1

[

pos

-
S.10
3,23
104,432
g
.43

- —
I,."u I-'

3.10
4, 3T
.03

7.25



